Studies on DNA polymorphism are of great relevance in plant breeding since they give a deeper insight into genetic diversity. DNA profiles of individual plants of red clover varieties produced using the simple-sequence repeat primers UBC825, UBC827, UBC857, 77H, 78H, 104H and GO4 were assessed in this work. In the DNA profiles, in total 39-43 fragments were amplified, of which 52.5-60.4% were polymorphic. The highest number of fragments was amplified by the UBC827 primer, moreover, these fragments were found to be most polymorphic (90.5%). Slightly fewer polymorphic fragments were generated by the primers 77H and 78H. The primers 104H and GO4, when used in PCR, produced in the DNA profiles only one fragment each, which was identical for all individuals. Comparison of the varieties revealed the lowest number of fragments in the individuals of the variety 'Vyliai' (39), of which 57.4% were polymorphic. In the DNA profiles of the individuals of the varieties 'Liepsna' and ' Arimaičiai' 43 fragments were identified.
IntroDuctIon
Red clover (Trifolium pratense L.) in Lithuania is valued as an excellent forage plant. However, it has some drawbacks, such as insufficient seed production, medium winterhardiness, inadequate disease and pest resistance [1] . As a result, the central task for clover breeders is to search for new possibilities to improve these qualities. The basis for red clover breeding schemes is the diversity of the initial breeding material (germplasm) [2] . Intensive search for the sources of more diverse initial breeding material is currently being conducted with a special emphasis on the phenomenon of polymorphism within a species and within a variety [3, 4] .
Recently, biochemical-molecular techniques, including DNA fingerprint analysis, have been extensively used to reveal plant diversity. There are different molecular methods for germplasm evaluation using simple and effective markers based on the polymerase chain reaction (PCR) [5] [6] [7] . For germplasm variability evaluation, identification of cultivars and genetic distance estimation, dominant markers such as amplified fragment length polymorphisms (AFLPs), random amplified polymorphic DNAs (RAPDs) and inter-simple sequence repeats (ISSR) have been widely utilized during the past 15 years [8] . Research on DNA polymorphism is of great relevance in breeding since it indicates genetic differences that are not necessarily observed phenotypically. This method is effective in selection of plants for hybridization, estimation of relatidness, and variety identification. DNA markers are being widely used in diversity tests of cereals and industrial crops, whereas experimental evidence on legumes is less comprehensive. In the legume family, genomics and molecular genetics have rapidly advanced for the last several years with the central focus on two model legume species, Lotus japonicus L. and Medicago truncatula Gaertn. [9] . There is a limited number of studies conducted with molecular markers in red clover as compared with other forage species. In Trifolium, primarily RAPDs (dominant markers) have been utilized for the evaluation of genetic diversity in T. pratense [10] [11] [12] [13] . The genetic diversity of red clover has been intensively studied using amplified fragment length polymorphism (AFLP) markers [14, 15] . The advantage of the use of ISSR as a dominant marker compared to RAPD has been the reproducibility of ISSR methodo logy reported for several species [5, 13] .
The objective of the present study was to estimate DNA diversity of the Lithuanian red clover varieties using the ISSR method and to carry out a search for markers suitable for variety identification.
MaterIals anD MethoDs
For DNA analyses, clover (20 plants per variety) was grown in pots in a greenhouse at 20-24 °C, with a 16-hour photoperiod. The clover varieties 'Liepsna' , 'Vyliai' , 'Vyčiai' and ' Arimaičiai' we re included.
Genomic DNA was extracted from a fresh young actively growing leaves of a five-week-old seedling. Approximately 500 mg of leaf tissue was frozen in liquid nitrogen and ground into a fine powder with a mortar and pestle. The pulverized material was transferred to a tube and extraction solution was added. DNA was extracted by the CTAB method following the procedure described by Doyle and Doyle [16] . DNA concentration was determined with an Eppendorf biophotometer. Polymerase chain reactions (PCR) were carried out in 25 µl volume in an Eppendorf Master Cycler Gradient thermocycler under the following conditions: 1 cycle of 95 °C for 2 min, 50 °C for 1 min, 72 °C for 30 s; 39 cycles of 95 °C for 30 s, 50 °C for 1 min, 72 °C for 30 s; 1 cycle of 72 °C for 6 min. The amplification products were separated by gel electrophoresis on 1.5% agarose gel in 1 × TAE buffer and stained with etidium bromide. GeneRuler TM DNA Ladder Mix (Fermentas) was used as the DNA fragment size marker. The simple-sequence primers used in this study UBC825-(AC) 8 T, UBC857-(AC) 8 CG, UBC827-(AC) 8 G, UBC847 (CT) 8 RG, GO4-(GACA) 4 TC were obtained from Fermentas (Lithuania) and 77H-(AGAC) 4 GC, 78H-AC(GACA) 4 , 104H-(GACA) 4 GT from Metabion (Germany).
The genetic Nei's distance between the varieties was calculated using NTSYSpc2.20M N software.
results anD DIscussIon
To reveal DNA diversity, we used analysis of inter-SSR fingerprinting (ISSR). PCR was done with di-and tetra-nucleotide motif primers. With the UBC825 primer we amplified 7-8 fragments in the varieties whose size varied within 450-1250 bp (Table 1) . In Olea europaea L. variety tests, PCR done with the above-mentioned primer gave rise to 8 fragments of which 88% were polymorphic [17] . This primer generated one common 650 bp fragment in the DNA fingerprints of all individuals of the varieties, the other fragments being polymorphic. When other AC motif primers possessing different anchors had been used in the PCR, a higher number of fragments were amplified in the DNA profiles of ma ny individuals. The highest number of fragments (10) generated with the UBC857 primer was found for the individuals of var. 'Lieps na' . Fewer fragments (7) were identified in the profiles of plants of var. 'Vyliai' . The size of the fragments produced varied within a wi der 350-2000 bp range. The fragment 1000 bp was found to be common for the plants of all varieties tested. The UBC827 primer generated 10-11 fragments in the DNA profiles of the varieties, but only one fragment of 750 bp was common. The primers UBC825, UBC827 and UBC857 were also successfully used in the gene tic diversity tests of Arabidopsis thaliana L. [18] .
Slightly fewer fragments were amplified with tetranucleotide motif primers. Part of the fragments amplified with the 77H primer (2000 and 2200 bp) were common, and the in dividuals of var. ' Arimaičiai' had another variety-specific fragment -1000 bp. Using this primer in white clover genetic diversity studies, DNA profiles were also found to possess a low number (5) of fragments [19] .
The 78H primer generated 6-7 fragments of which 57.1-83.3% were polymorphic. This primer was successfully used to reveal DNA polymorphism in white clover, meadow fescue, and Italian ryegrass [19, 20] . In the GACA nucleotide sequence, on replacing the anchor AC by TC or CG, i. e. using 104H or GO4 primers, each of them generated only one monomor phic fragment in clover DNA profiles. Analysis of ryegrass and fescue DNA profiles showed that the change of anchor in the GACA nucleotide sequence also had some effect on the number of fragments produced and on their size [20] . Although 104H primer did not reveal red clover polymorphism, it suited for identification of interspecific hybrids T. pratense L. × T. diffusum Ehrh. [21] , while in research on Pheonix dactylifera L. genetic resources no fragments were amplified by GACA motif primers [22] .
Amplification of clover DNA with the UBC847 primer did not produce any fragments. In the genus Oryza, this primer did not generate distinct fragments, either [23] . In the studies of red clover genetic variability by the RAPD method, out of the 55 primers used only 21 provided reproducible results. [11] . Of the simple-sequence repeat primers used in our study, UBC827 produced the greatest number of fragments, moreover, these fragments were most polymorphic (90.5%).
When comparing individual varieties it was found that the fewest fragments (39, of which 57.4% were polymorphic) were ting white clover collections and cultivars [12] . The genetic distance of RAPD markers for red clover between 20 populations and varieties varied from 0.19 to 0.67 [8] . In red clover DNA tests by the RAPD method, genetic distance between 20 populations and varieties varied from 0.19 to 0.67 [8] . In our research, the greatest genetic distance was determined between 'Liepsna' and ' Arimaičiai' (0.181) and 'Vyliai' and ' Arimaičiai' (0.177). The variety ' Arimaičiai' is a complex synthetic population combining in its genome characteristics of 80 various clover varieties that survived the long-term Sclerotinia trifoliorum Eriksson. infection. DNA fragment distribution analysis has shown that some of DNA fragments or their compositions may be applied for varietal discrimination. Most of DNA profiles (75%) in 'Liepsna' and 'Vyliai' plants amplified by the UBC825 primer have a specific fragment, 800 bp. The fragment 450 bp amplified by this primer is specific only to some plants of var. ' Arimaičiai' . The DNA profiles of all individuals of var. 'Vyliai' , generated with the pri mer C827, had the 1000 bp fragment, whereas in the individuals of other varieties this fragment is rare. The 800 bp fragment is specific to all individuals of var. 'Liepsna' and 'Vyliai' , generated by the UBC857 primer. This fragment was not identified bet ween the individuals of var. ' Arimaičiai' . The fragment was identi fied in discrete individuals of var. 'Vyčiai' . The 2000 bp fragment was specific to most individuals of 'Vyčiai' and ' Arimaičiai' . This fragment was not noted in the plants of 'Vyliai' and 'Liepsna' . The ' Arimaičiai'-specific 1400 bp fragment was produced with the 78H primer. The mentioned fragment was not identified in the individuals of other varieties.
Several DNA analysis methods were employed for white clover varietal identification, however, the great variety obtained by the RAPD method within varieties did not allow identification of varieties [26] . Studies on red clover isozyme systems also showed a great genetic diversity within varieties and therefore were suitable only for some variety identification [27] . In order to reduce intra-varietal polymorphism, bulked genomic DNA can be used for red clover variety identification. Bulked samples from twenty individuals were examined in order to minimize the variation within the cultivars. Cultivarspecific bands were observed with 13 primers. The amplification patterns obtained from two primers could distinguish all 15 red clover cultivars [10] . When the intravarietal DNA diversity is high, it is hard to generate variety-specific fragments. For a more accurate varietal identification, a higher number of primers should be used.
The UBC827 primer was found to be best suited for revealing clover intra-varietal genetic diversity ( Table 2 ). In all varieties tested this primer produced the highest number of fragments and showed the greatest DNA diversity. Slightly lesser genetic diversity was determined using UBC825 and 77H primers. Different primers demonstrated a varying polymorphism within varieties. The value of the genetic diversity ranged from 0.143 (' Arimaičiai' -UBC857) to 0.378 ('Vyčiai' -UBC827). When comparing individual varieties according to average genetic diversity, the highest polymorphism (0.313) was identified for the individuals of var. 'Liepsna' . This clover variety has been grown in Lithuania for the longest time (registered in 1957) and apparantely outcrossing with other red clover populations has not been prevented. The least genetic diversity value (0.241) was identified for var. ' Arimaičiai' characterised by resistance to clover rot and persistence. Lower levels of genetic variability were detected in a subset of parents selected for resistance to stem nematode [11] .
Our experimental evidence suggests that within varieties there exist individuals distinguished by the presence or absence of individual DNA fragments. Similar results were obtained by Hagen and Hamrick [24] while testing red clover enzyme systems. High intra-varietal variation was observed in two cultivars of red clover, 'Essi' from Europe and 'Ottawa' from Canada, using isozyme and RAPD markers [25] .
To estimate varietal similarities, their genetic distance was calculated. Using different primers, the value of Nei's coefficient for separate varieties varied from 0.010 to 0.458 (Table 3) . Similar data were obtained by American researchers investiga-Our experimental results showed that it is expedient to apply the ISSR method in red clover breeding schemes for revealing genetic diversity. conclusIons 1. Having used 7 primers in the PCR, 39-43 fragments were generated in the DNA profiles of the red clover varieties; 52.5-60.4% of the fragments were polymorphic.
2. The UBC825, UBC827, UBC857, 77H and 78H were found to be suitable to reveal varietal polymorphism.
3. The greatest intravarietal diversity was identified for individuals of var. 'Liepsna' .
4. The fragment 1400 bp generated with the 78H primer was variety-specific to the individuals of ' Arimaičiai' . The fragment 800 bp, specific to the individuals of var. 'Liepsna' and 'Vyliai' , was amplified with the UBC857 primer.
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